Introduction: Prevention of the rapid growth in incidence of type 2 diabetes (T2DM) is a big challenge for clinicians. In China, many trials have indicated that Tianqi capsule, which contains several Chinese herbal medicines as part of a large healing system called traditional Chinese medicine, could decrease the incidence of T2DM. The review assessed the effectiveness of Tianqi capsule in prevention of T2DM.
INTRODUCTION
Prediabetes was defined in 2015 by the American Diabetes Association (ADA) as including impaired fasting glucose (IFG) or impaired glucose tolerance (IGT), or mild elevation of hemoglobin A1c (HbA1c) in the 5.7-6.4% range, and indicated an increased risk of progression to diabetes and the development of cardiovascular events [1] . The prevalence of prediabetes is 50.1%, accounting for a total of 493.4 million people in China [2] , and 70.7% of those with prediabetes had IGT [3] and form an important high-risk target group for intervention aimed at preventing T2DM [4, 5] . Current guidelines recommend that IGT patients undergo lifestyle modifications, which have been shown to be effective for reducing the incidence of T2DM [6] [7] [8] . However, it is not easy to maintain rigorous and sustained lifestyle intervention for the long term. Metformin is commonly used to treat prediabetes and acarbose use is restricted to specific countries, but neither is formally approved for this indication, while other oral anti-diabetic drugs and anti-obesity drugs are also not currently recommended for diabetes prevention, although randomized controlled trials (RCTs) have shown effectiveness [9, 10] .
Chinese herbs have been applied to treat diabetes, and a few are suggested to be modestly useful. For instance, Tianqi capsule is reported to decrease hemoglobin A1c and blood glucose [11] [12] [13] [14] . It consists of Radix Astragali (Huang Qi), Radix Trichosanthis (Tian Hua Fen), Rhizoma Coptidis (Huang Lian), Radix et Rhizoma Ginseng (Ren Shen), Caulis Dendrobii (Shi Hu), Herba Ecliptae (Mo Han Lian), Cortex Lycii (Di Gu Pi), Fructus Ligustri Lucidi (Nv Zen Zi), and Fructus Corni (Shan Zhu Yu). Clinical studies and animal experiments have also demonstrated that Tianqi capsule could reduce the risk of T2DM and increased the regression towards normoglycemia, but systematic evidence is lacking. We performed a systematic review and meta-analysis to assess the efficacy and safety of Tianqi capsule in preventing T2DM.
METHODS
The review protocol was registered with the International Prospective Register of Systematic Reviews (PROSPERO registration no. CRD 42017068571:
http://www.crd.york.ac.uk/ PROSPERO/myprospero.php). This article was written using PRISMA reporting guidelines and was based on previously conducted studies. These data do not include any new human or animal studies performed by the authors.
Search Strategy
The systematic review and meta-analysis was performed in accordance with the Cochrane Handbook for Systematic Reviews of Interventions. Trials were identified from the Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, PubMed, EMBASE, Chinese Biomedical Database (CBM), Chinese National Knowledge Infrastructure (CNKI), and the Wanfang database. Search terms (free word search) were as follows: (''Tianqi capsule'' OR ''Tian Qi'' OR ''Tian qi'') AND (''impaired glucose tolerance'' OR ''prediabetes'' OR ''pre-diabetes'' OR ''IGT'' OR ''hyperglycemia'' OR ''diabetes'' OR ''prevention'') AND (''randomized controlled trial'' OR ''controlled clinical trial'' OR ''random'' OR ''randomly'' OR ''randomized'' OR ''control''). We searched for all relevant articles published from inception of each database until May 1, 2017, and we restricted our search to trials published in Chinese and English. We contacted authors of original studies for additional data when necessary.
Selection Criteria
We restricted the analysis to RCTs that compared Tianqi capsule with controls. We assessed treatment groups and did not restrict controls, which included placebo, no treatment (blanks), or Western medication. We included IGT patients irrespective of gender, age, and ethnicity, but all patients were diagnosed with IGT by clearly defined or internationally recognized criteria. Studies were excluded if they used interventions combined with other kinds of traditional Chinese medicine (TCM) therapies except for Tianqi capsule (acupuncture, acupoint injection, other herbal formulas to avoid confounding information). Non-randomized trials were excluded.
Outcome Measures
We assessed the incidence of diabetes and regression towards normoglycemia as primary outcomes. The incidence of T2DM refers to the number of participants who had progressed to T2DM according to World Health Organization (WHO) or ADA criteria [fasting plasma glucose (FPG) C 7.0 mmol/L, or 2-h postprandial blood glucose (2 h PG) C 11.1 mmol/L] by the end of the trial. Regression towards normoglycemia refers to the number of participants who returned to normal blood glucose range [FPG\6.1 mmol/L, or 2 h PG\7.8 mmol/L] by the end of the trial. Secondary outcomes were as follows: (1) IGT stabilized incidence, which refers to the number of participants who still had IFG (FBG 6.1--6.9 mmol/L and 2 h PG\7.8 mmol/L) and/or IGT (FBG\7.0 mmol/L and 2 h PG 7.8--11.0 mmol/L) by the end of the trial; (2) glycemic control based on FBG and 2-h postprandial blood glucose; (3) body mass index (BMI), which is defined as the body weight divided by the square of the body height; (4) adverse events.
Data Extraction and Quality Assessment
Two reviewers extracted data independently using a predesigned collection form to collect title, authors, year; study population size, age, gender; intervention dose and frequency; details of controls; and course of treatment, follow-up length, outcome measures, and adverse events. Discrepancies were settled by consensus or a third party.
Two reviewers independently assessed methodological quality of the RCTs using a Cochrane Collaboration Risk of Bias tool. Risk of bias was assessed according to the Cochrane Handbook [15, 16] and consists of random sequence generation; allocation concealment; blinding of participants and personnel; blinding of outcome assessment; incomplete outcome data; and selective reporting and other sources of bias. Each item was categorized ''high risk'' (at least one item had a high risk of bias), ''low risk'' (all items had a low risk of bias), or ''unclear'' (at least one item had an unclear risk of bias). Other bias included a profit bias, and the placebo effect could not be ruled out. Discrepancies in this interpretation were resolved by consensus or a third party.
Assessment of Evidence Quality
We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) methodology to assess the quality of the evidence for each outcome. According to GRADE, outcomes of an intervention are categorized into four levels of evidence quality: ? very low, ?? low, ??? moderate, and ???? high. Using GRADE, we addressed the risk of bias (in individual studies), inconsistency (heterogeneity in estimates of effect across studies), indirectness (related to the question or due to intransitivity), imprecision, and publication bias. RCTs are considered higher-quality evidence, and observational studies are of lower quality so we applied these criteria to summarize the evidence [17] .
Data Synthesis
We combined trials using Rev Man 5.3 software (Cochrane Collaboration, Oxford, UK). For dichotomous outcomes, we calculated risk ratios (RRs) using the Mantel-Haenszel method, and for continuous variables, we calculated weighted mean differences (MDs) using the inverse variance method. ITT (intention-to-treat) analysis was applied to the data. For all estimates, we computed the 95% confidence intervals (CIs). We quantified statistical heterogeneity using the I-squared statistic (I 2 ), statistical heterogeneity between the trials was significant when I 2 [50%. A fixed-effects (FE) model was used if there was no significant data heterogeneity (I 2 \50%); and a random-effects (RE) model was used if significant heterogeneity existed. Publication bias was assessed through visual inspection of funnel plots. Sensitivity and subgroup analyses were done to assess robustness of data for primary outcomes.
RESULTS
A PRISMA flow diagram of this review is depicted in Fig. 1 and study characteristics are summarized in Table 1 . WHO criteria were used to assess IGT [22, 23] . An overview of the judgments regarding each risk of bias items in the included trials is shown in Fig. 2 . Four trials reported random sequence generation; two trials reported using random allocation, and one gave no information about allocation concealment. Five trials reported blinding of participants and personnel. All included trials provided complete baseline information and described similarities between groups compared. Three trials reported dropouts or withdrawals [18] [19] [20] [21] [22] [23] . One trial [18] was at low risk of selective reporting bias due to trial protocols being available.
Study Characteristics
The basic characteristics of these studies are summarized in Table 1 . A total of 1027 participants were involved (526 in the treatment . All included studies enrolled participants suffering from IGT, which were diagnosed with IGT according to WHO DM criteria (1999). Wei and Wang [22, 23] mentioned that the pattern of the syndrome was consistent with dual deficiency of Qi-yin and heat, while the remaining four trials did not classify the syndrome according to traditional Chinese medical theory. Five trials compared Tianqi capsule plus lifestyle modification (LM) with placebo plus LM, and one trial compared Tianqi capsule plus LM with LM alone. The intervention period lasted from 6 to 24 months. All of the trials reported the incidence of T2DM, normalization of blood glucose, and IGT stabilized incidence, while five trials [19] [20] [21] [22] [23] reported the changes in the FPG and/or 2-h plasma glucose levels, and three trials [18, 20, 22] reported BMI.
Methodological Quality Assessment
An overview of the judgments regarding each risk of bias item in the included trials is shown in Fig. 2 . Four trials reported the method of random sequence generation, whereas the other two trials reported ''randomly allocating'', but the detailed method of randomization was not provided. Two trials reported the method of allocation concealment, and five trials reported the blinding of participants and personnel. All the included trials provided completed baseline information and described similarities between comparison groups, and three trials reported dropouts or withdrawals. Furthermore, we judged one trial to be at low risk of selective reporting bias because their trial protocols were available. 
Primary Outcomes
Incidence of Diabetes Six trials reported on the incidence of T2DM in the groups, and these trials showed insignificant heterogeneity of the trial results (I 2 = 0%); thus, a fixed-effects model was used for statistical analysis. Meta-analysis showed that there was a significant difference found in favor of the treatment group (n = 1027, RR 0.55; 95% CI 0.44-0.68) (Fig. 3) .
Regression Towards Normoglycemia
Six trials reported on the regression to normal blood glucose in the groups, and these trials showed insignificant heterogeneity of the trial results (I 2 = 0%); thus, a fixed-effects model was used for statistical analysis. The results showed that those receiving Tianqi capsule plus LM combination were more likely to have normalized the blood glucose compared to controls (n = 1027, RR 0.69; 95% CI 0.62-0.78) (Fig. 4) . 
Secondary Outcomes
IGT Stabilized Incidence Six trials had insignificant heterogeneity for IGT stabilization (I 2 = 43%). Thus, a fixed-effects model was used for statistical analysis and there were no statistical differences between either group (n = 1027, RR 0.89; 95% CI 0.71-1.12). IGT stabilized incidence was similar between treatment and control groups (Fig. 5) .
Fasting Blood Glucose and Two-Hour Postprandial Blood Glucose Five trials used FPG as an outcome, and heterogeneity between trials was insignificant (I 2 = 63%); therefore, a random-effects model was used for statistical analysis. A pooled analysis showed a statistically significant decrease in FPG with Tianqi capsule ? LM compared to controls (n = 607, MD -0.35; 95% CI -0.55 to -0.16). In five trials, data for 2 h PG variations were measured, and heterogeneity between trials was significant (I 2 = 77%); therefore, a random-effects model was used for statistical analysis. The results showed that there was a statistically significant difference between two groups for 2 h PG (n = 607, MD -1.04; 95% CI -1.75 to -0.32) (Figs. 6 and 7) .
Body Mass Index
BMI data from three trials appear in Fig. 8 and comparisons of BMI with Tianqi capsule and LM with controls showed heterogeneity between trials (I 2 = 96%). Thus, a random-effects model was used for statistical analysis and there was no statistical difference between two groups for BMI variations (n = 617, MD -0.04; 95% CI -1.94 to 1.85) (Fig. 8) .
Adverse Events
Adverse effects were reported in four trials and two reported no adverse events (Table 2 ) [18, 22] . The results showed that there were no significant differences between these two groups (n = 420, RR 1.18; 95% CI 0.58-2.40). There were also no statistical differences between groups or in routine blood, urine, liver and renal functions studies, or ECG data before and after treatment. Sun's group [19] showed that some people developed mild gastrointestinal symptoms during early stages of taking Tianqi capsule and that this resolved. Wang's group [20] reported that the liver function of IGT patients did not change obviously after the treatment of Tianqi capsule, but the level of serum creatinine was significantly decreased in 
Sensitivity Analysis
To examine the stability of the results, a sensitivity analysis of incident diabetes was performed to investigate the influence of missing data. The analysis included two kinds of scenario: (1) Extreme case analysis favoring Tianqi capsule ? LM (''best-worst'' case scenario): none of the dropouts/participants lost from the treatment group, but all of the dropouts/participants lost from the control group experienced the outcome. (2) Extreme case analysis favoring placebo ? LM (''worst-best'' case scenario): all dropouts/participants lost from the treatment group, but none from the control group experienced the outcome. Given that the results of the two methods were inconsistent (best-worst: RR 0.48; 95% CI 0.39-0.59; worst-best: RR 0.65; 95% CI 0.53-0.80), the consistency of results further supported the credibility of the meta-analysis. The results are shown in Fig. 9 .
Subgroup Analysis
Post hoc sensitivity analysis was done via a limiting meta-analysis to assess treatment duration, sample size, placebo effects, and publication language. There was much overlap and little difference in confidence intervals and in overall risk ratios for incident diabetes and glucose normalization (Tables 3 and 4 ). All I 2 values were less than 50% and most were 0%, indicating a low heterogeneity. There was no significant difference (P[0.05) in overall risk ratios for all subgroup analysis.
Publication Bias
Publication bias was assessed by using funnel plots. The funnel shape of the plot was not completely symmetrical, indicating a potential publication bias (Fig. 10a, b) . Total events 16 11 Incidence of any adverse event --Pooled rate ratio:
1.31 (0.69, 2.50) Figure 11 showed overall evidence quality for each outcome (except adverse events) using the GRADE method. Generally, evidence quality was moderate for Tianqi capsule and diabetes, and normalization of blood glucose and stabilized IGT; however, evidence was poor for Tianqi capsule and FBG, 2 h PG, and BMI.
Assessment of Quality of Evidence

DISCUSSION
Summary of Evidence and Explanation of Results
Six RCTs with 1027 participants were included in the meta-analysis and trials were homogeneous with respect to dose and criteria used to define progression or regression of diabetes. These six trials covered urban, rural, village, and populations. The results indicated that Tianqi capsule could decrease the risk of progression to T2DM and increase the regression towards normoglycemia (Figs. 3 and 4) . The pooled estimates changed little in the sensitivity analysis, which further supported the credibility of the meta-analysis (Fig. 8) . Additionally, Tianqi capsules were associated with significantly decreased FBG and 2 h PG (Figs. 6 and 7) . There was no statistical difference regarding adverse events that happened between the Tianqi group and the control group (Table 2) . Merlotti et al. published a systematic review and meta-analysis assessing strategies for preventing diabetes [10] ; the results showed that 12 kinds of strategies were useful for preventing diabetes and these had different efficacies [from RR 0.37 (95% CI 0.26-0.52) to 0.85 (95% CI 0.77-0.93)]. The effect of Tianqi capsule on incidence of diabetes was similar to that of a-glucosidase inhibitors (RR 0.54; 95% CI 0.39-0.75) and physical activity alone (RR 0.53; 95% CI 0.40-0.70).
Our results agree with those of Grant et al. [24] , whose study included both IGT and IFG patients, suggesting that Chinese herbal medicine and LM was more effective for reducing the incidence of diabetes compared to LM alone. Also, Chinese herbal medicine and LM was more than twice as likely to normalize FBG compared to LM alone. The strengths of our Fig. 9 Sensitivity analysis of incidence of diabetes review were that, firstly, we included studies that were of better quality according to Jadad scores, and most included were blinded and used a placebo; we also focused on IGT, which decreased heterogeneity.
Previous studies of 300 cases showed that Tianqi capsule decreased HbA1c by 1.15 ± 1.58% after 8 weeks of treatment [13] . Proteomics showed that the capsule modified glucolipid metabolism by upregulating transthyretin (TTR), haptoglobin (Hp), serum amyloid p-component (SAP), and prothrombin, and downregulating apolipoprotein E, apolipoprotein A-I, and Ig gamma-2A chain C region [25] . Metabonomics demonstrated that Tianqi capsule regulated lipid metabolism and improved insulin resistance [26] .
IGT can lead to diabetes which can increase the risk of macrovascular and microvascular diseases. Therefore, early intervention for IGT is needed and prevention of diabetes is desirable. In a diabetes prevention programme (DPP) study, moderate lifestyle intervention reduced relative risk of diabetes by 28% [27] , and there was a 41% reduction in diabetes during a 6-year follow-up in a second study [6] . One study suggested that Tianqi capsule combined with moderate lifestyle modification reduced diabetes risk by 32.1% [18] . Compared to international large-scale clinical trials of lifestyle modification for diabetes prevention, Tianqi capsule showed preferable effectiveness, whilst avoiding the rigorous and sustained lifestyle intervention that could not be tolerated, and patients showed good compliance. In the drug intervention study, acarbose was shown to reduce the risk of diabetes by 25% (STOP-NIDDM) [28] , but this drug is not widely available or approved in the USA. Metformin can reduce the risk of diabetes by 31% (American DPP) [8] and this drug has widespread use, is inexpensive, and has few and mild side effects. Diabetes was reduced by 62% in the DREAM study, and this was [29] accompanied by a decreased risk of cardiovascular events (Fig. 12) . Thus, compared with chemical drugs, Tianqi capsule was safe to use. A comparison of diabetes risk reduction between Tianqi and other large-scale clinical trials appears in Fig. 12 .
Limitations
Our systematic review and meta-analysis had some limitations. Firstly, we had few studies to examine and limited statistical power to detect the differences across studies. Secondly, average follow-up for included trials was 1 year, which was similar to the SLIM study [30] , but this is insufficient to assess long-term quality of life, The incidence of diabetes was analyzed according to different criteria based on treatment duration, sample size, use of placebo, and publication language. RR is risk ratio, CI is confidence interval. Z and P (effect) evaluated the statistics of overall effect; I 2 and P (het) were computed to assess heterogeneity diabetic microvascular complications, cardiovascular events, and all-cause mortality. Therefore, the long-term study of the effectiveness of Tianqi capsule for prevention of T2DM is necessary. Thirdly, the adverse events were not adequately documented. Fourthly, outcome measures should be focused on the TCM featured symptoms. Finally, study protocols were not published, and attrition bias could influence the results and lead to under-or overestimation. Thus, the results should be interpreted with caution.
Implications for Practice
As a result of the small number of included trials, a clinical recommendation cannot be warranted. Tianqi capsule appeared to be well tolerated in all included trials, but all trials were performed only on Chinese subjects, and no Normalization of blood glucose was analyzed according to different criteria based on treatment duration, sample size, use of placebo, and publication language. RR is risk ratio, CI is confidence interval. Z and P (effect) evaluated the statistics of overall effect; I 2 and P (het) were computed to assess heterogeneity Fig. 10 Funnel plot of the trials that compared treatment group with control group trial tested the intervention on other ethnic groups. Thus, the results may have limitations for generalizing to subjects outside of China. In TCM, IGT may fall under the patterns of ''spleen pyretic abundance''. The main pathogenesis lies in spleen and stomach congestion, damp-heat accumulation in the spleen, and Qi stagnation due to liver depression leading to spleen qi deficiency in the body. If prolonged qi deficiency impairs yin, dual deficiency of qi and yin will occur [31] . Thus, different kinds of TCPMs may be chosen on the basis of the pattern differentiation in clinical practice. 
CONCLUSIONS
The available evidence suggests that Tianqi capsule could be considered as a potential prevention of diabetes. The number and quality of available studies are insufficient. Larger, better-designed, and high-quality RCTs are required to provide stronger evidence in future studies.
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